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This  report  ni  prepared  by  tbs  Jaalysle  sad  Heasunaneat  Brandi  mdmr 
Project  Bo.  4 "Inter ferenoe  Redaction".  Teak  Bo.  73^99.  "Transparent 
Ilectricelly  Conducting  Coetinge  for  the  Reduction  of  Precipitating  Static*. 
fomerly  RDO  Bo.  112*23.  "Sqppreaeion  of  Precipitation  Static"  and  vaa 
adniniatarad  gad  nr  the  direction  of  the  Materials  laboratory.  Directorate 
of  Research.  Wright  dir  Rrsalcpnent  Canter,  with  J.  I.  Vittehort  and  later 
1.  H.  Bnllia  acting  aa  project  angina  arm. 

deknovlsdgaaant  is  nada  to  the  Lihbey»naeua  flnrd  Glass  Copap.  the 
Pittsburgh  Plate  Blase  Cnapaay.  the  Tockheed  direraft  Corpora tian.  and 
the  heeriean  Optical  Campmmjr  for  their  eoeparatioa  and  aaaiataaea  in  tide 
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The  Mright  Hr  PavelopwBgt  Caater  progr—  far  the  develop— tt  of 
tr«p<mt  electrlaLUj’  eoadaettag  coatings  for  -the  redactlaa  of  pro- 
dpitatitae  static  la  wilitary  aircraft  la  aawurixed  and  evalsstad. 

Work  carried  oat  by  l±r  Jbrce  cuatr actors  aad  other  argsalxatleos  la 
reviewed  ad  itl  accused.  llthoagh  a coating  waatisg  all  of  the  ileal  red 
roqulr— Mata  for  aircraft  apjpHcatio*  haa  not  haaa  developed,  sane  coat- 
lags,  each  aa  the  1 ockhaad  1TC-1  nlujwed  canal  durable  praise.  This 
*"-*«■  «aa  flight  tested  and  van  able  to  restart  the  forces  of  racial  ero- 
sion for  a considerable  period  of  tiwe  without  undergoing  each  (dungs. 
However,  additional  flight  testa  have  shewn  that  the  degree  of  static 
eUndnatlan  which  can  be  by  the  use  at  conductive  coatings  on 

windshields  and  canopies  la  aaaU  aad  does  not  provide  a worthwhile 
operational  iapgpve— at.  Is  view  of  this  fact,  weak  an  this  program  ha a 
bean  dlscontlmad. 
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Daring  flight  under  adverse  weather  conditions  which  severely 
limit  vi  iriMUty,  aircraft  pilots  must  often  rely  either  partly  or 
entirely  upon  connil  nation  and  navigation  equipment  for  safe  guid- 
ance* Unfortunately  at  the  present  time  such  equipment  (e.g. , the 
radio  and  radio  ccspass)  is  susceptible  to  static  interference  and 
■ay  be  rendered  useless  when  needed  most.  Under  such  conditions 
a serious  safety  problem  is  created  and  crashes  of  aircraft  have 
been  attributed  to  this  cause* 

Work  directed  toward  a better  understanding  of  the  causes  of 
such  "precipitation  static"  and  its  control  has  been  reported  ex- 
tensively elsewhere  and  will  not  be  discusesd  in  detail  hers* 
General  belief  at  present  la  that  the  static  is  associated  with  a 
gradual  build-up  of  electric  charge  on  various  parts  of  the  aircraft 
during  flight,  and  if  it  is  not  actually  due  to  the  presence  of  the 
charge,  then  to  the  effects  rssultirg  from  it  or  the  — of 
its  formation, 

Btrly  in  the  study  of  precipitation  static  it  was  thought  that 
the  reduction  of  accumulated  static  charge  on  an  aircraft  would  re- 
sult in  a reduction  of  Interference  in  affected  equipment.  Static 
diaalpatcrs  such  as  wrick  di  achargera  were  therefore  recommended  and 
are  now  widely  ussdj  to  a cons! durable  extent  limy  probably  do  re- 
duce charts  levels  on  parts  of  the  aircraft  which  are  electrically 
conducting.  Charges  formed  on  macmaluetiTg  surfaces,  such  as  the 
windshields  sod  camples  of  most  modern  military  aircraft,  cannot 
be  removed  by  such  means,  however,  since  they  are  bound  by  the  di- 
electric to  the  regions  where  they  are  formed. 

TMa  situation  with  raspact  to  charges  on  windshields  and 
canopies  mu  further  accentuated  when  the  antenms  of  high-speed 
Jet  aircraft  were  placed  inside  the  cockpit  enclosures  for  design 
purposes,  thereby  placing  them  in  close  proximity  to  the  areas  of 
greatest  charge.  As  a possible  solution  to  this  particular  part 
of  the  precipitation  static  problem  it  was  thought  that,  by  coat- 
ing dielectric  areas  with  conducting  materials,  the  charge  could 
be  drained  away  from  such  critical  areas  and  then  dissipated  in 
the  air  stream  in  the  venal  manner. 
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The  properties  which  such  a conducting  material  would  need  to  be 
effective  were  considered  in  detail.  Optimum  resistance  of  the  mater- 
ial was  established  as  being  1-10  megohms  per  square.  The  lower  limit 
was  required  to  prevent  significant  attenuation  of  incoming  radio 
signals6;  the  upper  limit  was  required  to  insure  sufficient  conductivity 
to  accommodate  the  expected  charging  currents.  Other  requirements  were 
more  obvious:  high  light  transmittance  (8D£  or  better),  low  optical 
base  (1%  or  leas),  insolubility  in  water,  lack  of  sensitivity  to  changes 
in  atmospheric  temperature,  pressure,  or  humidity,  and  sufficient  dure 
bility  to  withstand  prolonged  exposure  to  high  speed  air  streams. 

The  above  combination  of  properties  was  not  food  to  exist  Is  spy 
available  material,  and  in  December  1949  tbs  Communication  and  ftrri- 
gaticn  laboratory,  UADC,  requested  tbs  Materials  laboratory  to  Initiate 
a program  far  the  development  of  a suitable  material.  This  resulted  la 
the  formation  of  a research  program  directed  toward  tbs  development  of 
transparent,  electrically  conducting  coatings  for  tbs  reduction  of  preci- 
pitation static,  project  * Static  to". 

Project  Statkote  continued  from  December  1949  to  July  1954.  Dur- 
ing tni  n time  several  private  research  organisations  assisted  In  the 
work  an  tbs  problem  under  Air  force  contracts,  and  cooperation  was  ob- 
tained from  many  other  organisations  as  tbs  work  progressed.  This  nark. 
is  simmarlssd  an  the  following  pages  and  comprises  tbs  principal  part 
of  this  report. 

Meanwhile  the  Comnlcation  and  navigation  laboratory  continued 
work  toward  a better  understanding  of  the  causes  of  precipitation 
static  and  the  relative  contribution  that  charges  on  various  sections 
of  aircraft  make  to  general  static  interference.  This  work  Involved 
a considerable  amount  of  Instrumentation  and  flight  tasting,  but  event- 
ually it  was  possible  to  make  preliminary  flight  tests  of  sons  of  tbs 
materials  developed  under  tbs  Statists  project. 

Initial  tests  of  crating  materials  were  inconclusive;  equipment 
protected  by  such  scatings  did  not  seam  to  be  particularly  less  tat- 
nerable  to  precipitation  static  interference  than  equipment  that  warn 
not.  further  instrumentation  was  carried  out  by  tbs  Communication  and 
Havigation  laboratory  and  mars  elaborate  tests  resulted  in  the  finding 
that  such  coating  materials  do  reduce  the  total  amount  of  noise  encounter- 
sd  in  susceptible  equipment,  but  only  under-ccnditinns  of  ert  i mam  pre- 
cipitation static  weather.  It  was  concluded  free  flight  tests  that  the 
degree  of  noise  reduction  that  could  he  obtained  from  tbs  use  of  coatings 
was  not  sufficient  to  provide  a worthwhile  operational  Improvement,  and 
that  such  improvement  was  not  sufficient  to  justify  tbs  ■orp-n—  and 
difficulties  of  developing  and  applying  coatings. 
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As  a result  of  this  conclusion,  work  under  project  Statkota  was 
abandoned  and  attention  was  shifted  to  the  subsidiary  problems  of 
developing  antistatic  coatings  for  acrylic  radar  plotting  boards  and 
indicating  instrument  aster  windows. 

This  report  snnsarizes  the  major  materials  development  work  of 
this  prograa  and  is  the  final  dose-out  report  on  project  Statkota. 


sscttch  u 
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This  section  is  devoted  to  a mmsiry  of  work  undertaken  to 
develop  a material  suitable  for  use  as  an  anti-precdpitatlon  static 
coating.  Such  work  can  conveniently  be  grouped  for  thepnrpose  of 
discussion  into  three  general  categories!  (1)  work  directly  supported 
by  MADC  research  contracts,  (2)  work  supported  by  other  military 
services  or  conducted  fay  private  organizations  without  contractual 
support,  and  (3)  work  conducted  fay  MADC. 

A.  MADC  Contract  Work 

Mark  proceeding  toward  the  t'eniliijj— nt  of  a coating  for  acrylic 
plastic  having  the  properties  outlined  previously  was  carried  out  under 
Contract  AF  33(038)-122ijQ  fay  the  Balco  Research  laboratories,  Kesark, 
Hew  Jersayj  under  Contract  AF  33(038)-23319  by  the  Bjsrkstsn  Baeaarrch 
Ifb^crtarin,  Midi  atm,  Misconainj  and  under  Contract  IF  33(6lL6)-2D27 
fay  the  Company,  Hew  lode.  Hew  Xsrk. 

1.  Contract  AF  33(038  V-122lj) 


The  first  contract  for  r-sassardi  a»d  development  work  la  this 
field,  sponsored  jointly  fay  the  Bsieplals  X.  Moratory  and  Cawmwiilcatliwi 
and  Navigation  laboratory,  was  negotiated  with  tfe*  Balsa  Bessarab  Sabers 
toriae  in  form  19$)  and  continued  until  October  19bl*  Turing  tills  tiwe 
three  separate  approaches  to  tin  problem  were  made?.  These  i£®e3smd 
samioBiiductar  coatings,  evaporated  coatings,  and  polyaLectrelyte 

The  first  six  ■«"**«  of  the  progrma  sas  centered  about  — loaaadwctsr 
coatings  and  consisted  of  attempts  to  lay  down,  from  acCLutAon,  coetlwgs 
of  the  dm«  of  so,  Ti,  and  Si.  AreUslsazy  efforts  were  made  to 
wdeqastely  **1  and  met  the  plastic  substrates  prior  to  coating  them, 

and  theme  efforts  wars  successful.  Using  standard  salutioa-eosfcing  "tosh- 
niques,  vary  hard,  adherent,  dear  and  highly  tranaparemt  films  of  the 
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various  oxides  of  Sn  and  Ti  (particularly  the  latter)  were  then  Tajd 
down  upon  plastic  substrates.  These  films,  however,  were  noiv-conduct- • 
ing.  Attempts  were  made  to  render  the*  conducting  by  the  addition  of 
controlled  amounts  of  impurities,  but  the  desired  conductivity  could 
not  be  obtained.  Varied  mixtures  of  the  Sn  and  Si  oxides  were  like- 
wise found  to  be  nonconducting.  One  of  the  major  problems  in  produc- 
ing the  oxide  coatings  was  that  of  curing  them*  the  films  would  not 
cure  below  500°-600°C,  toperatures  much  too  high  to  be  tolerated  by 
existing  plastics.  An  attenpt  was  made  to  separate  the  problems  in- 
volving film  composition  from  those  of  film  cure  by  initiating  a 
program  of  vacuum  evaporation.  By  this  method  films  could  be  laid 
down  in  a relatively  single  manner.  The  vacuum  evaporation  program 
initiated  in  this  fashion  soon  replaced  the  work  on  solution  coating, 
which  had  largely  been  unsuccessful. 

Most  of  the  subsequent  nine  months*  work  involved  an  investigation 
of  the  properties  of  evaporated  films  of  Ag,  Cr,  Fe,  Ge,  Mo,  Si,  Pt,  Eh, 

Se,  and  Ti.  Several  phosphors  were  also  evaporated.  Bone  of  the  coat- 
ings thus  formed  were  completely  satisfactory.  In  most  cases  the 
were  either  fragile,  non-adherent,  or  unstable  with  time.  In  no  case  could 
a material  be  prepared  with  a resistance  between  one  and  ten  megohms  per 
square  and  a transmittance  of  eighty  percent  or  better.  Precoating  of 
the  plastic  by  the  solution  methods  previously  developed,  followed  by 
evaporation  of  the  metal,  was  often  helpful  in  increasing  adherence  and 
sometimes  conductivity  but  was  not  sufficient  to  permit  attainment  of  the 
desired  properties.  The  phosphors  investigated  during  this  phase  of  the 
program  were  for  the  most  part  ran- conducting  and  non-adherent. 

Much  of  the  remaining  thro®  souths  of  the  contract  period  was  d»> 
voted  to  studies  involving  modification  of  the  plastic  surface  by  various 
chemical  means  to  produce  transparent,  conducting  polyelectrolyte  films, 
the  adhesion  of  which  was  poor.  It  was  soon  evident  that  Wlan  such  as 
thesedepend  primarily  upon  their  moisture  content  for  their  conductivity 
and  are  thus  obviously  unsuitad  to  high  altitude  applications  there  temp- 
eratures may  reach  -65°?.  The  moisture  in  the  films  freeses  long  b*» 
fore  this  point  is  reached  and  the  films  lose  their  conductivity. 

2.  Contract  AF  33(038)-23319 

The  second  contract  for  research  and  development  in  conduct- 
ing coatings  was  negotiated  with  the  Bjorksten  Research  Laboratories  in 
June  1951  and  continued  until  January  1953.  During  this  time  a graphite 
coating  was  developed0  which,  in  conjunction  with  an  overcoating,  ful- 
filled many  of  the  established  requirements.  ¥ork  involving  coatings  of 
metals,  metallic  salts,  resins,  and  fiber  mats,  however,  was  in  each 
case  either  unsuccessful  or  indeterminate?. 
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Initially,  graphite  coatings  were  applied  to  acrylic  plastic  sur- 
faces by  nibbing  micronized  graphite  onto  the  surfaces  with  a soft  doth. 
Application  of  the  graphite  in  this  manner  required  the  use  of  considerable 
manual  pressure  and  usually  resulted  in  a coating  having  too  low  a resist- 
ance and  too  low  a transmittance.  Further  light  buffing  with  a clean  cloth 
was  necessary  to  increase  the  resistance  and  transmittance  to  the  values 
desired.  These  original  graphite  coatings  consisted  of  a greyish-appear- 
ing film  containing  a few  minute  graphite-filled  scratches.  Examination 
of  the  films  under  a low-power  microscope  indicated  that  few  of  the 
scratches  intersected  one  another,  so  it  was  at  first  thought  that  the 
conductivity  was  due  to  the  greyish  film  rather  than  the  scratches.  Sub- 
sequent examination  of  the  coatings  under  much  higher  magnification  resulted 
in  the  finding  that  the  greyish  film  itself  was  largely  composed  of  micro- 
scratches. It  was  thus  evident  that  in  rubbing  the  graphite  onto  the 
surface,  the  rubbing  cloth  simultaneously  scratched  the  plastic  and  packed 
the  graphite  into  the  scratches,  forming  an  interconnecting  conducting 
network  over  the  surface.  The  harder  or  more  extended  the  buffing,  the 
lower  the  resistance  and  transmittance  would  be,  due  to  the  formation  of 
additional  scratches.  Light  buffing  with  a clean  cloth  simply  removed 
graphite  from  the  scratches  and  resulted  in  higher  resistance  and  trans- 
mittance. 

Attempts  were  made  to  introduce  uniformity  into  the  production  of 
coatings  by  controlling  and  standardizing  the  scratching  of  the  plastic 
surfaces.  Initial  attempts  to  control  the  number  and  size  of  scratches  in 
the  plastic  were  made  by  abrading  the  surface  with  a mixture  of  corn  starch 
and  fine  silicon  carbide.  The  graphite  was  then  rubbed  into  the  scratches 
and  buffed  to  the  desired  transmittance  and  resistance,  as  before,  except 
that  the  process  now  involved  considerably  less  effort.  The  fact  that  con- 
ductivity was  due  to  the  graphite-filled  scratches  was  at  this  time  definite- 
ly established  by  abrading  several  test  panels  uni  directionally.  In  these 
cases  the  resulting  coatings  would  conduct  only  in  the  direction  of  the 
scratches. 

Further  attempts  were  made  to  obtain  consistently  uniform  coatings  by 
a prescratching  method  utilizing  various  mechanical  devices  for  the  scratch- 
ing. The  best  method  devised  involved  the  use  of  small  brass  bristle  brushes 
having  bristles  O.OOii  in.  in  diameter  and  one-half  inch  long.  By  making 
two  sets  of  scratches  in  the  surface,  perpendicular  to  one  another,  con- 
ductivity in  two  directions  was  obtained.  Controlling  scratches  in  this 
manner  improved  the  transmittance  appreciably  and  permitted  a much  simpler 
application  of  the  graphite.  None  of  these  improvements  in  Idle  graphite 
application  process,  of  course,  improved  the  adherence  of  the  graphite  to 
the  plastic,  which  was  very  poor.  Seme  method  of  protecting  the  graphite 
film  from  abrasion  ms  obviously  necessary. 
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CONFIDENTIAL  Security  Information 


Table  B 


Persistency  of  GB  on  Ssveral  Surfaces 


Surface 


Sandy  Loam 


Loam  (hi#i  humus) 


Concrete 


Asphalt 


Note  1 - Total  recovery  was  about  25%  from  concrete-  Prom  other  surfaces, 
total  recovery  varied  from  50%  to  80J6. 


Note  2 - Time  required  to  collect  90%  of  total  recovery  was  about  1 t 0„5 
hr.  in  all  cases. 


* Persistency  Time  - Number  of  hours  required  to  collect  9956  of  total 

amount  recovered. 


Table  C 


Persistency  of  GF  on  Sandy  Loam 


Surface 


Temperature 


Persistency*  at  indicated 
contamination  den sit 


Sandy  Loam 


Detailed  result  are  reported  in  Tables  1 through  5 and  Figures  1 through 
21  of  Appendix  A. 
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The  method  used  in  applying  the  graphite  coating  to  plastic  sub-  * 
strata s is  known  commercially  as  the  Hark]  ad  process  and  consists  of 
subjecting  the  plastic  substrate  to  a multitude  of  repeated  contacts 
with  relatively  small  particles  which  have  been  previously  coated  with 
a transferable  conductor.  Prior  to  the  contract  the  process  had  been 
developed  to  the  point  where  relatively  small  sheets  of  plastic,  of 
the  order  of  four  square  inches,  could  be  coated.  Early  work  under 
the  contract  was  concentrated  on  increasing  the  size  of  the  sample  to 
the  point  where  the  method  could  be  applied  to  the  coating  of  aircraft 
canopies.  This  work  progressed  until  sheets  up  to  three  square  feet  in 
area  could  be  coated  with  promising  results.  Host  of  this  work  was 
inrolTed  in  eliminating  noncniforalt/  of  the  coating  doe  to  the  HsrkLad- 
ing  process;  certain  areas  of  these  large  panels  often  received  an  excess- 
ive amount  of  graphite  while  others  did  sot  receive  wwngh,  or  the  graphite 
would  be  deposited  in  such  a way  as  to  produce  a coating  having  preferred 
conductivity  in  certain  directions.  Variations  of  the  parameters  inraLved 
in  the  Harklarirtug  process  r amoved  these  difficulties  to  an  appruci  able 
extent.  Work  then  began  on  the  coating  of  curved  panels  approximately 
three  square  feet  in  area  and  having  a radius  of  curvature  of  18  in.  iw« 
Work  progressed  until  it  was  cnrHri  rtawnti  •Burfc  no  nrirH  rm  of 

value  in  the  coating  of  fuH-aixe  aircraft  canopies  could  be  obtained. 


The  adherence  of  graphite  to  plastic  by  the  Huklmd  proceea 

was  no  better  than  that  demonstrated  previously  for  graphite  in  weak  Hmm 
by  the  Bjorkstan  Laboratories,  fiajcr  importance  was  therefore  piarmH  -open 
the  development  of  an  under  coating  to  increase  the  adherence  of  the  graphite 
and  an  overcoating  to  protect  it  from  abrasion.  It  was  found  that  -ari-ng 
the  same  material  for  both  auxiliary  coatings  resnltnd  in  on  improved 
composite  coating  having  less  bass  and  higher  light  transmittance  than 
that  obtained  by  using  a different  material  for  each  coating.  The  material 
darraLcpad  by  the  Bjarkstaa  laboratories  did  sot  work  satinfhctarily  with 
the  Skrklad  proceea  nor  did  an  mnflarcoattag  material  developed  by  -the 
Lockheed  Aircraft  Corporation  (see  XL. 3. 2).  Consequently  other  metarlala 
were  investigated.  A material  conslaitixg  of  Zi  Ms  and  2*as  Asxylnid  3-7, 
B2$  toluene,  and  15?  tetralin  was  found  to  be  most  satisfactory  act  first, 
later  work  abawad  -tint  a very  fine  latex  of  polyvinyl  acetate  asgpendad 
iv  mater  m m jjjfl  by  the  «ao»r?»it|jT'"'||rj  t>«yy  rai 

Ghss&cal  Ccapany)  was  far  superior  to  ary  other  material..  The  resistance 
to  abrasion  was  good  and  am  pwsr&uatlng  aery  -tines  the  thl  cams—  of  pre- 
vicnsly  invewtlgatsd  ovarcoetiags  as  am  iSmm  fl—Kl  sd  the  aarfane  resist- 
ance of  the  coadnetiss  costing.  Qe  only  dlfflcaltlas  esperiancad  v&lh 
this  material  lay  in  its  canal  tivity  to  mater  and  the  tendency  of  smell 
particles  to  farm  spots  or  atraska  when  panels  mere  flow  coated. 
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The  advantages  and  disadvantages  of  flow-coating  as  co^jared  to 
spray-coating  were  investigated.  Some  of  the  disadvantages  of  the 
latter  method  were  already  known  from  previous  work  done  by  the  Bjork- 
sten  Laboratories  (see  Section  m).  The  AA  1*0  material  could  not  be 
sprayed  satisfactorily  but  was  found  to  flow  well  except  for  occasional 
StheakLng.  Filtering  the  solution  and  then  coating  panels  in  a dnst- 
fraa  box  was  found  to  roaove  much  but  not  all  of  the  dust  and  mall, 
particles  responsible  for  much  of  the  streaking. 

Work  on  the  design  of  an  apparatus  to  be  used  far  the  coating  of 
full-sized  F-86  aircraft  canopies  was  progressing  at  tie  time  that 
experimental  results  obtained  by  the  Communication  and  navigation 
Laboratory  demonstrated  that  conducting  coatings  are  of  questionable 
value  in  reducing  precipitation  static  (aee  Section  HI).  Consequently 
this  work  was  terminated  and  efforts  were  directed  instead  toward  tbp 
secondary  problem  of  obtaining  coatings  having  antistatic  properties 
suitable  for  use  on  radar  plotting  boards  and  indicating  instrument 
meter 

B.  Kan-WADC  Contract  Work 


Work  proceeding  toward  the  development  of  a coating  for  acrylic 
plastic  baring  the  properties  outlined  previously  was  also  carried  out 
by  various  organi  zations  without  direct  support  through  WADC  contracts. 

This  included  extensive  research  work  by  (a)  the  Lyon  Research  Laboratory, 
Cheverly,  Maryland,  (b)  the  Lockheed  Aircraft  Corporation,  Burbank, 
California,  and  (c)  support  work  by  several  glass  and  optical  companies, 

1,  Lyon  Research  Laboratory 

In  August  1952  the  United  States  Savy  negotiated  a contract 
(Bureau  of  Aeronautics  RQas  53-ZLD-c)  with  the  Lyon  Research  Laboratory 
for  work  toward  a ablution  of  the  precipitation  static  problem  12.  The 
primary  objective  of  this  contract  was  "the  development  of  a conducting 
transparent  coating  for  application  -to  aircraft  canopies  mads  of  acrylic 
plastic.... .so  as  to  prevent  the  accumulation  of  static  charges  on  the 
plastic  surfaces  which,  in  discharging,  interfere  with  high  frequency 
communication  equipment”.  The  approach  taken  here  was  to  find  a suitable 
parting  or  "transfer*  agent.  This  parting  agent,  when  applied  to  glass 
prior  to  forging  a conducting  tin  oxide  coating,  would  permit  the  transfer 
of  the  conducting  coating  to  plastic.  The  oxide-coated  glass  was  then 
used  as  one  side  of  a casting  cell  and  methyl  methacrylate  monomer  wss 
polymerized  in  contact  with  the  oxide. 

Initial  work  under  the  contract  was  directed  toward  finding  a suitable 
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parting  agent.  Some  materials,  such  as  graphite  ana  soot,  were  found 
to  be  satisfactory  parting  agents  but  their  use  resulted  in  rough  tin 
oxide  films  having  high  haze  values.  Others,  such  as  antimony  tri- 
cxide  and  the  orthosilicates  of  zinc  and  cadmium,  became  milky  at  high 
temperatures  or  had  other  undesirable  effects  when  deposited  on  glass. 
Thick  films  of  evaporated  sodium  chloride  also  became  milky  at  high 
temperatures,  but  it  was  found  that  thin  film*  of  approximately  2500  f 
thickness  did  not,  and  the  latter  films  were  highly  satisfactory  parting 
agents.  Hot  only  did  they  allow  the  tin  oxide  films  to  transfer  to  the 
plastic  while  retaining  most  of  the  latter's  desired  characteristics, 
but  they  had  no  adverse  effect  upon  subsequent  polymerization  of  the 
plastic  and  could  afterwards  be  easily  removed  by  washing  with  water. 

Having  successfully  obtained  conducting  tin  oxide  films  on  plastic, 
attention  was  directed  towards  forming  the  plastic  into  shapes  compar- 
able with  those  found  in  aircraft  canopies.  This  process  invariably 
ruptured  the  film*  and  thereby  produced  haze,  allklness,  and  loss  of  con- 
ductivity because  of  a multitude  of  small  cracks  in  the  coatings.  It 
was  found  that  overcoating  the  conducting  film  with  a thin  film  of  methyl 
methacrylate  reduced  the  forming  difficulties  and  also  increased  the 
resistance  of  the  coating  to  weathering. 

Two  methods  of  overcoating  the  onuriec-Hrg  tin  oxide  film  were  then 
investigated.  The  first  approach  consisted  of  casting  a thin  layer  of 
partially  polymerized  methacrylate  in  contact  with  the  conducting  coat- 
ing. TM  « method  failed  because  the  thin  conducting  film  was  penetrated 
by  the  volatile  components  of  the  monomer-polymer  mixture  causing  the 
solid  plastic  beneath  the  conducting  film  to  soften  er  partially  dis- 
solve. Inasmuch  as  the  polymerization  could  not  be  speeded  up  to  the 
paint  where  the  solvent  action  could  be  halted  before  rupture  of  the 
conducting  film  occurred,  this  approach  was  abandoned.  The  second  ap- 
proach consisted  of  applying  an  overcoating  layer  of  Rohm  and  Haas 
Acryloid  B-7  (the  ssae  material  investigated  by  the  Harkite  Company) 
by  a spin-coating  technique  allowing  for  rapid  evaporation  of  the  sol- 
vent, rH  r-hl  rrmfrfch an. t before  break— up  of  the  film  was  reached.  Evapora- 
tion of  the  solvent  took  place  so  rapidly  that  it  was  necessary  to  add 
a thinner,  xylene,  to  produce  uniform  overcoatings.  Subsequent  work 
showed  that  the  relative  concentrations  of  dtichlor osthane  and  xylene 
were  unispartant  and  that  xylene  alone  could  be  used  satisfactorily. 

The  most  satisfactory  formulation  found  was  that  obtained  by  mixing  equal 
weights  of  the  Acryloid  B-7  and  pure  xylene. 

The  resistance  of  tin  oxide  films  formed  on  plastic  by  this  trans- 
fer method  was  at  first  thought  to  be  in  the  range  of  10-20  kilohms  per 
square,  considerably  below  the  target  range  of  1— ID  megohms  per  square. 
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When  soma  of  these  films  had  cooled,  however,  it  was  found  that  their  re- 
sistance because  very  much  greater.  An  investigation  of  this  apparent  change 
resulted  in  the  finding  that  the  glass  upon  which  the  tin  oxide  coatings 
originally  were  formed  was  itself  conducting  at  459a-500°C,  sometimes  being 
as  low  as  a few  hundred  Irfl ohms  per  square,  and  therefore  was  interfering 
with  measurements  of  the  resistance  of  the  coatings. 

The  above  work  covered  most  of  the  contract  period  and  the  main  problem 
which  remained  was  the  Inability  to  form  the  coated  plastic.  Therefore,  one 
■ore  method  of  overcoating  the  plastic,  in  addition  to  the  two  already  describ- 
ed, was  attempted.  This  involved  painting  or  spraying  the  overcoating  material 
os  the  conducting  film,  followed  by  heating  of  the  plastic  to  its  softening 
point,  about  375 °F.  The  overcoated  plastic  was  then  pressed  at  high  pressure 
between  glass  plates  to  make  an  optically  smooth  Burface.  This  method  could  not 
be  investigated  fully  due  to  insufficient  time  and  lack  of  proper  facilities. 


A prugraun  of  work,  in  some  respects  similar  to  that  of  the  Bjorksten 
Beeearch  laboratories,  was  undertaken  by  the  Lockheed  Aircraft  Corporation  in 
an  attempt  to  find  a suitable  coating1 3.  Instead  of  attempting  to  find  a coat- 
ing that  would  endure  for  prolonged  periods  of  time,  the  Lockheed  program  was 
directed  towards  finding  a coating  which  might  if  necessary  sacrifice  durability 
for  ease  of  application.  In  t-M»  respect  it  was  thought  that  the  coating  could 
he  considered  useful  even  if  it  would  last  for  a single  flight  of  a few  hours, 
provided  that  it  could  ha  simply  and  quickly  reapplied.  It  was  thus  believed 
that  the  coating  would  be  suitable  for  affording  temporary  relief  from  precipi- 
tation static  difficulties  while  attempts  to  provide  a more  satisfactory  solution 
continued. 


The  Lockheed  approach  also  concentrated  upon  graphite  ae  the  conducting 
wwt"r1»l,  but  emphasis  was  placed  upon  the  use  of  an  ucdereoating  to  Increase 
the  adbwslpn  of  the  graphite  to  the  plastic.  The  result  of  this  work  was  the 
development  of  the  Icckheed  A3C—1  coating,  which  consists  of  a plastic  primer 
material  covered  with  a layer  of  graphite.  In  applying  the  coating  to  a plastic 
aircraft  canopy  the  canopy  ia  first  cleared  as  in  normal  maintenance  and  is 
then  cleaned  with  a material  called  ATC  cleaner.  This  material  provides  a 
■did  buffing  action  and  results  in  a uniformly  smooth,  clean  surface.  The 
plastic  is  sprayed  with  AXC-1  Primer  from  an  aersol  bcab,  using  a very  light, 
flaa  spray.  The  primer  la  then  smoothed  out  by  buffing  with  a soft  flannel 
doth  and  graphite  is  rubbed  on  the  primer  using  a graphite- impregnated  velvet 
■it. 

Thia  coating  was  flight  tasted  by  and  did  not  appear  to  be  affect- 

ed by  flight  through  dry  air  even  though  no  overcoating  is  used.  Subsequent 
testing  by  the  Materials  laboratory  (aee  Section  U.C.1)  verified  this  result. 
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3.  Glaaa  and  Optical  Ccarpaniaa 

Thus  far  only  the  attempts  to  pravent  the  build— up  of  charge  on 
plastic  aircraft  surfaces  have  bean  reviewed.  Thera  was  no  reason,  however, 
to  aasuzae  that  static  charges  foraad  on  other  non-conducting  surfaces  did 
not  contribute  to  interference  in  communication  and  navigation  equipment.  In 
particular,  the  effect  of  static  charges  on  glass  windshields  and  side  panels 
was  unknown.  Although  such  coapcnents  are  in  general  further  removed  physically 
from  antennas  than  are  canopies,  they  comprise  the  primary  frontal  area  to  the 
windstreaa  and  could  thus  be  expected  to  accumulate  considerable  amounts  of 
charge. 

In  order  to  determine  the  contribution  of  such  areas  to  overall  static 
Interference,  it  was  necessary  to  obtain  these  parts  coated  with  transparent 
electrically  conducting  coatings,  low  resistance  coatings  far  glass  had  been 
available  far  a number  of  years,  largely  far  heating  purposes,  and  thus  tha 
possibility  of  obtaining  high  resistance  coatings  on  glass  appeared  promising. 
Several  commercial  companies  were  therefore  approached  for  assistance  in  this 
phase  of  the  program. 

The  Llbbey  Owens  ford  Glass  Company  was  the  first  of  these  to  actively 
cooperate  in  the  work.  At  the  request  of  the  Air  Farce,  the  Electrapane 
Division  of  this  company  located  at  Toledo,  Ohio,  coated  a set  of  glass  center 
panels  and  two  glass  side  panels  for  an  9-86  aircraft  with  the  Electrapane 
conducting  coating.  In  addition  to  these  parts,  they  also  furnished  far  ex- 
perimental purposes  several  six-inch  square  glass  sheet  samples  coated  with 
Elactraoane  of  both  high  and  low  resistances. 

The  Liberty  Mirror  Division  of  this  company  located  in  Brackenrldge, 
Pennsylvania , also  cooperated  in  the  program,  supplying  two  sets  of  9-S6  air- 
craft glass  center  panels  which  had  been  coated  with  the  Bl-S  electrically 
conducting  coating,  applied  by  vacuum  evaporation.  In  addition  to  these  parts 
several  samples  of  glass  sheet  hearing  coatings  of  81-2,  603-3,  and  TS  electric- 
ally conducting  coatings  were  supplied  far  test  purposes.  Attempts  to  coat 
side  pamela  far  9-86  aircraft,  which  components  are  of  laminated  constructicn, 
were  not  undertaken  because  of  the  possibility  of  cracking  under  Mgh  vaeuma 
processing  conditions. 

The  Pittsburgh  Plate  Glass  Company,  Pittsburgh,  Pennsylvania,  al-n  cooper— 
atsd  in  this  pregram,  furnishing  three  glass  center  panels  for  9-36  aircraft 
and  one  set  of  side  panels,  all  of  which  were  coated  with  the  Ossa  electrically 
conducting  coating.  Other  Soaa  coated  glass  samples  six  inches  square,  twelve 
inches  square,  and  one  by  two  feet  in  aise,  respectively,  were  furnished  far 
experimental  purposes  at  various  stages  of  the  program,  the  samples  Including 
both  low  and  high  resistance  coatings. 


I 
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The  American  Optical  Company,  Soutbbridge,  Massachusetts,  cooperated  in 
coating  an  F— 94  nlastic  nose  section  and  a glass  F— 86  aircraft  windshield  center 
panel.  The  nose  section  coating  did  not  have  a resistance  within  the  1-10 
megohms  per  square  range,  however,  but  was  of  the  order  of  one  or  two  million 
megohms  oer  square,  giving  it  antistatic  properties  rsther  than  electrical 
conductivity. 

All  of  the  coated  components  described  above  were  delivered  to  the 
Materials  laboratory  for  measurement  of  ootical  and  electrical  properties, 
following  which  most  of  them  were  forwarded  to  the  Communication  and  Navigation 
laboratory.  Many  were  valuable  in  obtaining  experimental  flight  teBt  results 
(ace  Section  II. C. 2). 

C.  WADC  Work  j 

Work  at  WADC  directed  toward  a solution  of  the  precipitation  static  prob- 
lem utilizing  conducting  coatings  has  teen  carried  out  jointly  by  the  Materials 
Laboratory  and  the  Communication  and  Navigation  laboratory,  fids  section  provides 
a brief  summary  of  the  nrincipal  phases  of  this  work.  j 

1.  Materials  Laboratory  j 

The  Materials  laboratory  began  active  participation  in  work  on  this 
problem  in  December  1949  at  the  request  of  tha  Communication  and  Navigation 
laboratory.  Initial  work  was  concentrated  upon  a detailed  examination  and 
evaluation  of  a large  number  of  materials,  including  powders,  sprays,  liquid 
and  paste  waxes,  and  bulk  and  surface  semi-conducting  solids,  to  determine  if 
any  of  these  materials  were  either  satisfactory  for  use  or  could  be  modified 
to  such  an  extent  as  to  make  them  useful.  None  of  these  materials,  however, 
was  found  to  be  of  ary  nromise.  i 

Following  this  survey  of  available  materials,  equipment  was  set  up  to 
begin  experimental  work  toward  the  development  of  a material  with  the  desired 
properties.  Facilities  for  flame-spraying  metallic  powders  and  for  vacua 
evaporation  of  metallic  and  dielectric  material  were  obtained,  feat  of  the 
common  and  precious  metals  were  evaporated  upon  plastic  to  fora  thin  film*  which 
were  evaluated  with  respect  to  the  requirements  previously  established.  Fluo- 
rescent powders  of  various  tyres  were  also  evaporated,  aa  veil  as  mixtures  of 
such  powders  and  nowdsrs  having  controlled  amounts  of  impurity  addition  agents. 

Other  films  were  formed  by  anodic  oxidation  of  metallic  evaporated  films  or  by 

deposition  from  solution.  None  of  these  films  formed  as  described  above,  how 

ever,  met  the  requirements.  \ 

1 

It  soon  became  apparent  that  the  developnent  of  a suitable  material  was  { 

too  complex  to  proceed  without  assistance,  so  part  of  the  work  was  contracted  j 

to  private  research  organizations  aa  summarized  previously.  The  Materials  j 

laboratory.  In  addition  to  p-nr.aedi-ng  with  its  own  research,  then  acted  as  tha 
monitoring  agency  for  these  other  efforts  and  served  as  a center  for  the  coord- 
ination of  efforts  of  other  interested  organizations.  The  latter  work  involved 
obtaining  the  interest  and  cooperation  of  various  commercial  companies  as 
previously  described,  coordinating  activities  within  WADC  and  maintaining  liaison 
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with  other  Government  agencies,  and  continued  testing  and  evaluation-  of 
materials  which  showed  some  promise  of  offering  a solution. 

The  materials  most  thoroughly  tested  were  the  Bjorkaten  coating  and  the 
Lockheed  ATC-1  coating.  Results  of  tests  performed  by  the  Bjorksten  labor- 
atories8** were  in  general  substantiated  by  Materials  Laboratory  testa  and 
will  not  be  reported  here.  Results  of  comprehensive  testa  of  the  Lockheed 
ATC-1  coating  trere  reported  in  VAX  Technical  Report  54-3 921  A.  Briefly,  the 
results  of  these  tests  demonstrated  that  this  coating  although  quite  sensitive 
to  physical  abrasion,  was  extremely  durable  under  actual  conditions  of  flight, 
both  in  wet  and  dry  weather.  A long  aeries  of  flight  evaluation  teats  con- 
ducted by  the  Materials  Laboratory  with  the  assistance  of  the  Flight  That  Div- 
ision, WADC,  demonstrated  this  durability.  Flight  tests  of  the  Bjorkarten 
coating  and  coated  aircraft  components  supplied  by  the  ceanercial  glass  oca- 
panies  were  also  conducted.  In  this  case  with  the  Communication  and  Savigaticn 
Laboratory  assuming  primary  responsibility.  These  tests  are  discussed  in  the 
following  section. 

2h  addition  to  this  test  and  developsent  work,  attention  was  turned  to 
the  fundamental  nature  of  such  coating  materials  in  an  effort  to  establish 
better  aathods  far  arodncirg  thee.  These  studies  were  largely  carried  out 
by  examining  the  micro  structure  of  coatings  using  the  techniques  of  electron 
microscopy  and  electron  diffraction.  The  first  detailed  study**  of  this 
series  demonstrated  that  tin  conductivity  of  the  grr»pfoi-t»  as  used  is  the 
Bjarksten  and  lockfaesd  coatings  was  to  a large  extent  due  to  preferred  orien- 
tation resulting  frca  uniform  rubbing  of  the  graphite  in  forming  a thin  film. 
This  probably  is  also  true  to  a large  extent  with  regard  to  the  Markits  coating. 
This  study  also  pointed  out  tbs  correlation  between  micros  true  ture  and  base 
of  ecswsereial  coatings  of  tin  oxide  on  glass.  Scobs  such  coatings  were  full  of 
relatively  i-v-:— » holes,  which  caused  Mgh  degrees  at  optical  base.  Also, 
Information  was  okt-xJred  concerning  the  path  followed  by  the  current  whan  sack 
films  ware  censed  to  ttcs*k  deem  under  electrical  overload. 

The  second  phase  of  this  fasdasccn^Kl  study  was  concerned  largely  with  an 
investigation  of  the  micro  structure  of  glasa  snd  various  types  of  acrylic 
plastic1*  with  attention  being  devoted  to  those  pru^rtias  which  might  aid 
in  the  formation  of  conducting  coatings.  It  was  fosad  contrary  to 

popular  belief,  acrylic  plastics  such  as  methyl  methacrylate  can  s made  into 
highly  crystalline  thin  fITaa  by  proper  treatment,  end  that  such  induce*! 
crystallinity  may  or  say  not  change  with  the  aging  of  Idas  films. 

2«  °£BS*gg££  S3. 2gTl  ^mtlan  ***««*qgL 

Primary  responsibility  for  the  overall  precipitation  static  prohlssi 
baa  rested  with  the  Ccssuadeatioa  and  navigation  laboratory.  This  laboratory 
in  1949  emphasised  the  fact  that  Air  Force  aircraft  ssrnlrying  the  pilot’s 
canopy  as  a housing  for  the  radio-compass  antennas  had  hsen  experiencing  radio 
interference  severe  enough  to  render  the  compass  useless  whenever  the  flight 
path  lay  through  precipitation  particles.  Data  obtained  fro*  flight  tests  lad 
to  the  conclusion  that  deposition  of  electric  charge  on  windshield  and  canopy 
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surfaces  by  particle  impact  vaa  the  cause  of  the  Interference.  These  charges 
accumulated  until  disruptive  discharges  across  the  surfaces  occurred  and 
conveyed  the  charge  back  to  the  airframe.  The  discharges  produced  a series 
of  small  sparks  on  regions  of  the  canopy  and  windshield  surfaces  which  was 
thought  to  have  appreciable  radio-frequency  coupling  to  the  compass  antennas. 

The  result  was  the  creation  of  a strong  "hash"  type  of  interference,  which 
first  masked  the  audio  signal  from  the  compass  and  then,  as  the  intensity 
increased,  caused  the  ABF  indicator  to  swing  wildly  or  revolve  continuously. 

It  was  reasoned  that  presence  of  a conducting  surface  on  the  canopy  and 
windshields  would  reduce  this  type  of  interference,  because  charge  could  then 
flow  to  the  airframe  without  creating  impulsive  disturbances.  It  was  establish- 
ed by  laboratory  tests  that  a surface  having  conductivity  adequate  to  prevent 
build-up  of  voltages  to  tbs  sparking  point  would  not  appreciably  attenuate 
radio-compass  signals  on  the  antennas,  provided  the  surface  resistivity  was 
in  the  range  of  a few  megohms  per  square. 

The  first  aircraft  canopies  to  have  surface  resistivities  of  this  order 
were  9-36  canopies  to  which  the  Bjorksten  coating  had  been  applied.  It  was 
apparent  that  flight  tests  would  be  necessary  to  provide  definite  proof  of 
improvement  by  application  of  the  coatings  and  to  obtain  preliminary  data  on 
resistance  to  erosion  and  weathering.  The  Communication  and  Navigation  lab- 
oratory therefore  undertook  to  conduct  a flight  test  program  using  these 
coated  canopies  in  connection  with  coated  glass  components  previously  mentioned. 
Thro  3-06  and  one  3-94  aircraft  were  used  in  the  test  program. 

The  first  3-36  was  instrumented  with  s wire  voice  recorder  and  with  small 
segments  of  skis  %»tal  buried  in  the  leading  edge  of  the  wings  and  insulated 
frcm  the  airfrmma.  Tbs  wing  patches  were  connected  to  a simple  DC  ayllflar 
which  actuated  a aero-center  adcroasaaster  mounted  in  front  of  the  pilot.  A 
calibration  table  for  conversion  of  micrcsameter  readings  to  current  flew  to 
the  patches  was  prepared,  and  the  calibration  was  checked  at  frequent  intervals 
the  test  program.  In  this  way,  patch  currants  ranging  from  about  0.5 
nrf  wi »jiiiT««ir,«  to  about  20  microamperes  par  square  foot  of  projected  frontal 
area  could  ha  read. 

After  instrumented,  tbs  airplane  vaa  flown- without  treatment  of  the 

j to  obtain  atom  data  on  the  current-noise  characteristic  of  the  un- 
treated nn  and  to  check  normal  compass  operation.  Boreal  ocapaas 

operation  was  checked  repeatedly  to  a distance  of  about  300  miles  from  a given 
range  station.  A series  of  flights  were  than  made  through  precipitation  static 
weathar.  The  flight  path  was  east  of  the  range  station  to  which  the  compass 
was  turned,  on  a hiring  from  the  station  between  90  and  120  degrees.  Signals 
fras  the  sense  ant**""*  were  masl had  by  noise  with  patch  currents  of  0. 9-1.5 
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microamperes  per  square  foot.  Distance  from  the  station  was  not  firmly 
established  in  these  flights  and  was  different  from  one  flight  to  the  next. 

A conducting  coating  having  a resistivity  ranging  from  t-10  megohms  per  square 
was  then  applied  to  the  canopy.  The  operation  of  the  compass  was  again  checked 
in  clear  weather  over  the  same  landmarks  used  in  the  first  flights  and  was 
found  to  be  normal.  More  flights  through  precipitation  static  weather  were 
made  and  the  results  showed  that  the  operation  of  the  compass  was  only  slight- 
ly improved  over  the  times  when  no  coating  was  used. 

The  second  3s— 36  was  equipped  with  conducting  windshields  in  addition  to 
conducting  canopy.  The  instrumentation  in  this  aircraft  was  similar  to  that 
used  in  the  first  except  that  an  effort  was  made  to  use  one  of  the  coated 
panels  of  the  windshield  as  a charging  patch.  Both  F-86's  were  flown  in 
formation  to  obtain  direct  comparisons  between  a coated  windshield  and  coated 
canopy  Installation  and  one  where  the  canopy  alone  was  coated.  It  proved 
necessary  to  rely  on  the  wing-patch  installation  in  the  first  aircraft  for 
measurements  of  charging  currant  because  the  windshield  panel  on  the  second 
aircraft  did  not  maintain  sufficient  insulation  from  ground.  On  the  first 
flight  a third  P-86  aircraft  having  a standard  installation  without  coating 
chanced  to  fly  in  the  vicinity  of  the  second  test  aircraft.  Both  planes  were 
at  altitudes  of  32,CC0  feet  or  higher,  and  a very  thin  layer  of  ice  crystals 
was  present  above  32,500  feet.  The  radio  compass  In  the  third  aircraft  was  tuned 
to  one  range  station  and  that  of  the  second  aircraft  to  another,  more  distant 
than  the  former.  Each  time  the  third  aircraft  entered  tbs  ice  crystals  the  com- 
pass rotated  360  degrees  and  no  signal  could  be  heard  over  tbs  noise.  The 
compass  in  the  second  aircraft  functioned  normally,  without  disturbance,  although 
its  compass  was  tuned  to  the  more  distant  station. 

Aftar  this  flight,  a series  of  flights  were  run  with  tbs  first  two  air- 
craft flying  side  by  side,  so  the  instrumentation  In  the  first  could  be  used 
to  obtain  a measure  of  charging  current  and  direct  comparisons  could  be  made 
by  morn  of  radio  contact  between  the  aircraft.  This  test  program  was  continued 
using  Improved  EC  map! 1 flare  in  the  instrumentation,  and  was  assisted  by  the 
Materials  laboratory  flight  taat  program  far  the  Lockheed  ATC—1  c eating.  This 
latter  program  involved  mazy  hours  of  flight  and  pilots*  consents  were  obtained 
on  the  psychological  effects  of  the  coated  canopy  as  well  as  the  operational 
characteristics  of  the  ccamuni. cation  equipment.  The  results  of  the  flight  testa 
are  discussed  in  the  following  section  (111). 

Further  work  involved  instrumenting  an  F-94  aircraft  with  a divided  rsdeae 
nose  section  so  that  comparison  could  be  made  between  coated  and  uncoatad 
halves  of  the  redeem.  Antennas  ware  located  directly  behind  each  half  of  the 
nose  section  and  were  connected  to  radio-frequency  noise  meters.  Flights  with 
this  aircraft  were  made  first  with  both  halves  uncoatad  and  than  with  one  half 
coated  with  a eg  coating  of  resistivity  1-10  megohms  per  square.  Al- 

though arcing  of  charge  cm  the  coated  half  was  thereby  eliminated,  the  actual 
reduction  in  radio-Croquuuy  noise  was  not  appreciable. 
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DISCUSSION 


As  described  previously,  work  directed  toward  the  devalojsaent  of  a trans- 
parent electrically  conducting  coating  intended  for  the  reduction  of  precipitation 
static  was  begun  by  the  Materials  laboratory  at  the  request  of  the  Ccmmznicatiaa 
and  Rivigation  laboratory  and  was  soon  contracted  out  to  the  Balco  Be  search  labor- 
atories. One  of  the  important  points  emphasised  during  this  work,  aa  wall  as  in 
all  subsequent  work,  was  that  many  used  aircraft  canopies  already  is  Barries  would 
hare  to  be  coated  if  a suitable  material  were  d ere  loped.  Since  augr  such  aircraft 
canopies  would  be  on  aircraft  in  relatively  isolated  places,  the  coating  process 
would  hare  to  be  kept  as  simple  as  possible.  The  dip-coating  methods  originally 
investigated  by  Balco  were  promising;  frran  this  point  of  view,  since  laser  ring  a 
canopy  in  a coating  solution  did  not  appear  to  Involve  very  special  or  complicated 
apparatus  or  fins  control  over  techniques.  This  cannot  be  said  for  vacua*  evapor- 
ation, however,  for  although  coating  a canopy  by  this  method  was  not  considered 
Impossible,  the  engineering  aspects  of  such  a program  would  hare  been  enormons. 
Furthermore,  coating  used  or  in-service  canopies  at  isolated  locations  would  bare 
been  virtually  out  of  'tea  question.  Evaporation  coating  methods  had  been  studied 
merely  as  a time-saving  device.  Vhan  solution  coating  methods  proved  unsuccessful, 
mare  effort  was  shifted  to  the  evaporation  study. 

Vacuum  evaporation  was  a valuable  tool  for  use  in  quickly  preparing  a 
variety  of  coatings  for  exaarf nation  and  test.  Tbs  final  properties  of  such  coat- 
ings depend  upon  many  variables1*.  Including  the  degree  of  vacuum.  Unfortunately 
during  much  of  this  work  tee  vacuum  apparatus  used  by  Balco  was  not  operating 
sufficiently  well  to  give  as  good  vacua*  evaporation  conditions  as  would  bane  been 
desirable,  fisrertbelesa,  the  information  obtained  was  sufficient  to  eliminate  a 
large  number  of  materials  from  further  consideration. 

Another  phase  of  the  Balco  work,  teat  of  chemically  modifying  tee  surface  of 
plastic  sheet  to  it  conducting,  was  of  considerable  interest.  This  approach, 

which  could  he  carried  out  using  simple  equipment,  had  also  been  locked  upon  favor—' 
ably  by  a number  of  other  organisations.  Ertaaaion  of  this  work  to  include  pre- 
paration of  polyelectrolytee  or  WnrnfacH  ng  plastics,  however,  was  sot  prruoiuirjg, 

since  work  along  this  line  could  easily  have  involved  a huge  development  program 
teat  would  have  required  a long  tine  for  canplatlan. 

In  general,  insofar  aa  the  development  of  a suitable  coating  was  ccneerced, 
tee  Balco  work  did  not  produce  tee  desired  objectives.  This  work  was  therefore 
terminated  and  more  enrphwwl  a placed  on  tea  work  of  the  Bjorksten  Be  search  labor- 
atories. Here  the  novel  idea  of  obtaining  a coating  by  rubbing  powdered  graphite 
on  a canopy  was  bol-ng  tried.  This  idea  basically  included  most  of  tha  features 
desired:  ease  of  application,  lack  of  complicated  equipment,  and  general  overall 
simplicity.  It  appeared  that  such  a method  would  allow  in— service  eanopd.es  to  be 
coated  with  little  disruption  in  standard  canopy  maintenance  practices  and  would 
Involve  only  a small  * AH -Moran  effort  in  connection  with  sew  canopies. 
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Thsre  wars  two  big  drawbacks  to  this  otherwise  oromising  method;  a 
used  canopy  treated  by  this  method  was  often  mined  optically,  and  the 
graphite  would  not  adhere  to  the  canopy.  Tha  solution  adopted  for  the  first 
difficulty  amounted  to  deliberately  scratching  the  canopy  to  assure  that 
the  graphite  would  form  a sufficient  number  of  conducting  paths  for  the 
current,  and  the  solution  for  the  second  involved  spraying  a protective 
coating  ovbt  the  graohite. 

Unfortunately  neither  of  thaee  solutions  worked  out  vary  wall  in  practice. 
Although  scratching  the  canopy  resulted  in  a considerable  optical  improve- 
ment of  the  coating  and  the  resulting  network  of  graphite-filled  scratches 
provided  suitable  conductivity,  the  practice  of  scratching  canopies  in  this 
way  or  in  any  other  fashion  was  difficult  to  accept.  Although  this  factor 
could  have  been  overlooked  in  view  of  the  seriousness  of  the  problem,  there 
were  doubts  that  a coating  consisting  of  a conducting  gridwark  of  scratches 
would  be  effective.  It  appeared  possible  that  nonconducting  areas,  between 
the  scratches,  might  yet  accumulate  enough  charge  to  he  troubles orse. 

In  suite  of  these  disadvantages  several  canopies  ware  coated  by  the 
Bjarksten  process  and  flight  tests  were  conducted  as  described  previously. 

The  Communication  and  navigation  Laboratory  arrived  at  the  conclusion  as  a 
result  of  these  flight  tests  (described  in  Section  H.C.2)  that  although  the 
data  obtained  did  not  have  great  quantitative  accuracy  . they  did  afford  a good 
qualitative  comparison  between  aircraft  with  coatings  and  those  without.  The 
test  aircraft  laving  coated  windshields  and  a coated  canopy  showed  consistently 
better  performance  of  the  compass  in  urecipitatian  static  weather  than  the  on* 
having  only  a coated  canopy.  Has  original  conclusion  obtained  from  initial 
flights  with  tha  first  test  aircraft,  i.e.,  that  canopy  coating  did  not  improve 
nerformance  significantly,  hud  not  been  a firmly  established  one.  This  was 
partly  because  the  threshold  of  compass  failure  for  this  aircraft  was  believed 
to  be  somewhat  lower  than  that  for  the  second  test  aircraft.  Comparison  be- 
tween an  untreated  aircraft  and  one  with  coated  canopy  and  windshield  showed 
a very  wide  difference  in  charging  currents,  the  untreated  aircraft  having  the 
higher  currents.  Thi s result  therefor a suggested  that  the  coated  canopy  on 
the  first  test  aircraft  ly  itself  contributed  seme  protection, 

ArmlyHl  a rvf  the  test  results  by  the  Communication  and  I&vigation  laboratory 
seemed  to  confirm  that  o;  vratinn  of  the  compass  could  h*  maintained  in  yrscipi— 
tation  sfatif!  weather  of  mild  to  moderate  intensity  iy  tbs  application  of  con— 
ducting  coatings.  Since  a large  percentage  of  precipitation  static  weather 
falls  in  tfai  a intensity  category,  it  was  thought  that  a worthwhile  improvement 
oould  be  obtained  by  orating  canopies  and  wind wht eld w.  The  results  obtained 
using  the  second  test  aircraft,  however,  showed  that  noise  was  not  completely 
eliminated  by  the  coating  treatment,  hut  was  only  reduced. 

Trmwain^'h  as  the  cratt  ng  rrf  aircraft  canopies  apooarod  to  be  Beneficial  to 
sane  extent,  work  was  cantinaad  on  the  Bjarksten  crating,  with  emphasis  being 
placed  cm  Ida  second  difficulty,  i.e.,  obtaining  a satisfactory  overcoating. 

Apy  method  other  than  applying  the  overcoating  by  spraying  resulted  in  washing 
the  grephite  from  the  scratches,  and  even  spraying  did  so  if  the  canopies  were 
over  sprayed.  It  was  dnri-ig  thi  a phase  of  the  work  that  the  true  magnitude  of 
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this  difficulty  became  apparent.  To  be  effective,  the  overcoating  Had  to 
be  kept  yithin  very  fine  limits.  Too  thin  an  overcoating  failed  to  sufficient- 
ly protect  the  graphite  and  produced  a mottled  appearance  with  high  values 
of  haze,  while  too  thick  a coating  insulated  the  graphite,  caused  optical 
distortion— producing  overruns,  or  else  washed  the  graphite  from  the  scratches. 
Most  canopies  are  much  too  large  to  be  b pray  ad  completely  by  hard  by  one  pass 
of  a spraygun,  and  consequently  several  passes  of  the  spray  gun  were  usually 
required.  Overlapping  of  the  spray  paths  would  than  often  occur  and  add  to 
the  other  difficulties.  Also,  some  areas  would  usually  be  rmd wr n prayed  while 
others  were  oversprayed  due  to  the  inability  of  the  Bpeaygun  operator  to  main- 
tain a completely  uniform  speed  along  the  spraypath. 

In  connection  with  the  above  it  should  be  remembered  that  the  overcoating 
had  to  be  an  optical  coating.  Visibility  through  it  might  well  be  a amtter 
of  survival.  Coatings  formed  as  described  above,  however,  cannot  be  considered 
as  being  optically  good.  Usually,  in  addition  to  the  defects  Motioned  above 
(which  are  dt»  only  *to  *the  mechanical  spraying  procedure)*  there  are  the 
additional  difficulties  of  blemishes  caused  by  the  spray  mist  picking  op 
particles  of  dust  from  the  air  and  depositing  •fr.hwm  the  canopy.  These 
particlns  then  serve  as  centers  for  the  condensation  of  spray,  canning  runs, 
and  later  they  become  pinholes  contributing  to  haze  serving  aa  points 
from  which  tbs  overcoat! •og  begins  to  aroda. 

Extensive  off  arts  were  undertaken  in  an  attempt  to  solve  tbs 
problem.  After  the  beat  possible  sprsgr  solution  h»d  been  formula  tad,  the 
services  of  a recognized  spray  expert  were  obtained  and  tbrae  aircraft  canopies 
were  sprayed  in  a facility  having  pressurized,  filtered  air.  Al-thnnoh  optical 
defects  due  to  dust  were  greatly  reduced,  they  were  not  completely  eliminated. 
With  regard  to  -the  spraying  operation  Itself,  only  one  of  the  three  canopies 
approached  a successful  coating.  It  was  tbs  opinion  of  several  experts  that 
aircraft  canopies  could  he  successfully  sprayed  with  an  optical  coating  such 
aa  that  desired  provided  the  spraygun  operator  was  a man  of  anfficiant  ekm. 

It  was  therefore  concluded  that  objects  the  size  and  shape  of  modern  aircraft 
canopies  cannot  be  sprayccated  with  a good  optical  coating  with  anything  aeons 
than  random  suede as. 

It  was  about  this  time  that  extensive  tests  wars  begun  on  tbs  Lockheed 
ATC— 1 coating.  This  coating  was  the  only  one  known  that  was  truly  suitable 
for  application  to  in— service  canopies  without  requiring  ccaplicatsd  apparatus. 
It  was  entirely  conceivable  that  tbs  c eating  could  easily  be  appHad  to  air- 
craft based  even  at  the  most  remote  outposts.  Also,  tbs  ability  of  ti m coating 
to  retain  its  electrical  characteristics  during  flights  through  rain  was  surpris- 
ing in  view  of  the  fact  timet  it  lad  ri  rtnwlly  so  resistance  to  physical  afaraaicn. 

Tbs  chief  difficulty  with  the  Incirhwnfl  ATC— 1 coating  was  its  poor  optical 
quality  when  it  was  applied  to  used  or  in  service  canopies.  Most  such  canopies 
are  already  somewhat  scratched  and  have  imperfections  resulting  free  constant 
use  and  cleaning.  Thus  they  often  have  areas  of  considerable  extent  which 
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bacoiai  clogged  with  an  excess  of  graphite  and  ahov  up  as  dark  lines  or 
blotches.  Whan  viewed  from  the  inside,  using  a light  blue  sky  as  a back- 
ground, virtually  any  used  canopy  coated  in  this  fashion  is  at  best  ex- 
tremely poor  optically.  Although  these  lines  and  blotches  say  not  appear 
troublesome  on  the  ground,  in  flight  one's  eye  tends  more  to  find  the  im- 
perfections conspicuous,  to  the  extent  that  one  observer  complained  of  a 
feeling  of  claustrophobia  after  several  flights.  Most  of  the  teat  pilots 
who  flew  experimentally-coated  aircraft  agreed  that  they  did  not  like  the 
coating  and  thought  it  highly  unlikely  that  any  fighter  pilot  would  care  to 
use  it  in  combat.  Only  one  pilot  was  Indifferent,  and  stated  merely  that  he 
did  not  find  it  objectionable.  No  pilot  was  ever  recorded  as  saying  that  he 
approved  of  the  coating. 

Because  of  this  almost  universal  reaction  and  also  because  of  objections 
raised  concerning  the  relatively  low  light  transmittance  of  the  ATC-1  coating, 
as  well  aa  the  fact  that  the  effectiveness  of  such  coatings  had  not  yet  been 
definitely  proved,  the  A3C— 1 coating  was  never  formally  reccnmanded  for  Air 
Farce  use.  Efforts,  Instead,  ware  continued  toward  developing  a better  ceas- 
ing. Most  promising  in  this  respect  was  tbs  Markite  Company*  a Marklad  coating 
(described  in  Section  H.A.3 ) which  was  the  most  uniform  and  highly-transparent 
graphite  coating  yet  found.  The  coating  of  flat  sheet  or  curved  specimens  of 
relatively  smell  size  by  the  Marklad  method  was  quits  simple,  but  extension  of 
this  method  to  the  coating  of  large  complex  curvatures  raised  other  difficult- 
ies, not  all  of  which  were  completely  solved.  Even  in  this  work  it  became 
apparent  that  if  a solution  ware  reached,  it  would  not  be  one  that  could  bo 
applied  to  in-service  canopies  at  remots  airfields. 

At  about  this  time  teats  by  the  Crurannl  nation  and  N irrigation  laboratory, 
using  the  instrumented  F-94  previously  da scribed,  resulted  in  information 
having  a decisive  effect  upon  the  coatings  program.  It  had  been  known,  as 
w as  previously  mentioned,  that  the  use  of  coatings  did  somewhat  reduce  the 
total  amount  of  noise  experienced  in  intense  precipitation  static  weather. 

It  was  now  shown  that  the  amount  of  raise  reduction  obtained  was  not  suffi- 
cient to  provide  a worthwhile  operational  improvement.  The  Ccnmmi cation  and 
navigation  laboratory  reported  that  worthwhile  improvement  in  compass  operation 
could  fca  expected  only  for  the  limited  case  of  strong  signals  and  strong  noise. 
If,  for  example,  the  flight  path  ware  close  to  the  station  in  the  presence  of 
intense  precipitation  static,  the  coatings  might  than  make  the  difference  be- 
tween reception  so  reception.  TW * limited  case  was  not  considered  to  be 
of  much  operational  importance,  however,  because  the  geographical  area  of 
possible  improvement  is  so  small;  the  noise  level  was  still  sufficient  to 
fiuwrri^**  signals  at  appreciable  distances  from  a station.  It  was  therefore 
concluded  that  ti»  degree  of  improvement  which  could  be  obtained  by  the  use  of 
coatings  was  not  sufficient  to  justify  the  expense  and  difficulties  of  farther 
developing  and  applying  them.  In  view  of  these  facts,  work  under  project 
Statkota  was  concluded. 

•Hi  > only  available  method  now  known  to  the  Communication  and  Navigation 
laboratory  for  improving  precipitation  static  characteristics  of  the  radio 
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compass  is  that  of  relocating  the  antennas  outside  the  canopy,  in  a 
location  well  removed  from  the  vicinity  of  the  canopy  and  windshield. 
Other  approaches  to  the  problem  of  reducing  precipitation  static  effects 
ere  unde**  development  by  that  laboratory,  but  none  are  available  as  yet. 


SECTION  IV 
CONCLUSIONS 

One  of  the  basic  conclusions  that  era  be  drawn  from  the  work  in  this 
program  ia  that  a thin,  optically  good  coating  cannot  ha  applied  to  a large, 
complex  structure  such  as  an  aircraft  canopy  without  the  use  of  a complicated 

pTvCoSSt 

This  thought  aphides  to  virtually  all  of  the  work  encountered  thna  far* 

In  all  cases,  attempts  to  obtain  improved  coatings  necessitated  the  use  of 
complex  and  cumbersome  procedures  and  apparatus.  This  also  applies  to  the 
Xyoa  Be  search  Laboratory  coating,  requiring  aa  it  does  the  evaporation  of 
salt  upon  huge  sheets  of  glass,  followed  by  spin-coating  of  equally  huge  sheets 
of  plastic.  It  is  highly  unlikely  that  either  of  these  procedures  could  be 
found  practical  an  a production  basis..  One  must  conclude  that  none  of  the 
coatings  discussed  in  this  report  are  practical  for  use  on  aircraft  canopies. 

Since  coatings  such  as  those  described  above  are  still  in  such  a poor 
state  of  development  and  have  bean  shown  to  ha  relatively  ineffective,  no 
further  work  in  this  direction  is  contaaplated. 
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L2.  Lyon,  D.  A,  Electric 
Plastic 
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t-Patterson  Air  Force  Base,  Cfaio,  Hsrch  1953. 
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